FUNCTIONAL longitudinal dissociation of the atrioventricular node (AVN) has been well documented in both animals and human adults."' ' The presence of these fast and slow conduction pathways has been shown frequently in adults with paroxysmal supraventricular tachycardias (PSVT), in which the slow pathway conduction is usually antegrade and the fast pathway conduction retrograde,1' thus establishing the reentry circuit for PSVT. This is a separate group from those with extranodal accessory connections, which are also found commonly in patients with PSVT.12 Dual AVN pathways have been found in asymptomatic adults who have undergone electrophysiologic studies. 13 In one series, 10% of the adults undergoing electrophysiologic studies had dual AVN pathways. Although the presence of dual AVN pathways was documented using His bundle electrograms for the first time in a child,9 there have been no studies to determine the frequency with which dual AVN pathways occur in children with or without congenital cardiac defects or PSVT. Therefore, we analyzed the records of children studied electrophysiologically in our laboratory to determine the frequency of occurrence of dual AVN pathways in subjects with an anatomically normal heart, with or without PSVT, and those with a congenital cardiac defect, both before and after surgery.
Materials and Methods
The records of all 61 children and young adults who had atrial extrastimulus studies in our laboratory . atrial septal defect and the other after aortic valve commissurotomy for aortic stenosis. The remaining two with PSVT had no evidence of dual AVN pathways. The mechanism of tachycardia in these was due to reentry in the sinoatrial node in the one who had undergone repair of tetralogy of Fallot and ectopic atrial focus tachycardia in the other, who had undergone repair of ventricular septal defect.
Of the 12 children without PSVT, four had dual AVN pathways. Two of these four with dual AVN pathways had right bundle branch block with left anterior hemiblock after closure of ventricular septal defect, and the other two had had closure of atrial septal defect, resulting in sick sinus syndrome. The remaining eight children had no evidence of dual AVN pathways. Two of these had sick sinus syndrome, one after closure of atrial septal defect and the other after repair of atrioventricular canal. The remaining six had no rhythm disturbances.
ERP and FRP at similar cycle lengths (table 2) were not different in patients with and without dual AVN pathways, nor was there any difference from those in group 1. Two patients in this group had prolonged ERP and FRP of the AVN. Neither had dual AVN pathways. In this group of 17 children with uncorrected congenital heart defects, none had PSVT. Five had dual AVN pathways with no rhythm disturbances. One each had pulmonary stenosis, ventricular septal defect, endocardial cushion defect, double outlet right ventricle, and aortic stenosis with aortic insufficiency.
None of the 12 remaining children in group 3 without evidence of dual AVN pathways had rhythm disturbances. Three had ventricular septal defect, two pulmonary stenosis, two atrial septal defect, two tetralogy of Fallot, one corrected transposition of the great arteries and one cardiomyopathy.
The FRP and ERP at similar cycle lengths were not different in those with and without dual pathways, nor was there any difference between this group and those with normal hearts and children with corrected congenital heart defects ( dual AVN pathways in our study group was 46%. This difference in the frequency of occurrence might be related to the selective nature of our material or different electrophysiologic properties in children than in adults. In animals, electrophysiologic properties of the conduction system have been shown to change with age.17 '9 Histopathologic studies have also shown that the conduction system is immature at birth and undergoes a process of moulding and cell death until early childhood.20' 21 Another possible reason for difference in the apparent frequency of dual AVN pathways is that demonstration of dual AVN pathways by the atrial extrastimulus technique depends upon the physiologic properties of these pathways. In order to show a discontinuous curve, the ERP of the fast fibers must be longer than that of slow fibers. If the ERP of fast fibers is shorter than that of slow fibers, the slow fibers could not be detected by atrial premature stimulation. Also, the FRP of the atrium must be shorter than the ERP of the slow pathway of the AVN; otherwise, dual pathways would be masked. In this situation, pacing the atria at a faster rate would shorten the FRP of the atrium, perhaps helping to unmask the presence of dual AVN pathways. DuBrow et al. 22 showed that advancing age results in an increase of the ERP and FRP of the atria and AVN, which is independent of the cycle length. This difference in the refractory period may explain why our results differ from those of Denes.
Supraventricular tachycardia may be due to either an ectopic focus or reentry at one of several sites. The latter is more frequent in both adults and children, '5' 23 and reentry in the AVN is the most common,23-25 usually due to the presence of dual AVN pathways. There may, however, be another mechanism for reentry in the AVN, such as reflection, which has not been clearly defined in human beings.23 '26 This study showed that the most common mechanism of PSVT in the presence of dual AVN pathways in children, as in adults, was reentry in the AVN. The presence of concealed septal atrioventricular accessory connections are difficult to exclude. Tachycardia may, however, be due to reentry at other sites, despite the presence of the dual AVN pathways, as one of 10 had reentry in the atrial muscle and two of 10 had reentry through concealed ventriculoatrial connections. In subjects without dual AVN pathways, the mechanism of tachycardia was due to reentry in the sinoatrial node or accessory atrioventricular connection or to ectopic atrial foci. There was only one child with AVN reentry tachycardia in whom dual AVN pathways were not demonstrated. These observations suggest that dual AVN pathways are frequently the reentry mechanism in AVN reentry tachycardia. We do not know if the presence of dual AVN pathways in a child would predispose to PSVT. A longer follow-up is required to answer this question.
In adults, injury to the AVN secondary to diaphragmatic myocardial infarction or intracardiac surgery may manifest itself as AVN dysfunction.27 AVN dysfunction may be due to functional and/or anatomic disintegration of the node. This may result in a situation similar to that of dual AVN pathways. Comparison of the patients who had intracardiac surgery for repair of congenital cardiac defects with those who had uncorrected congenital cardiac defects showed a similar incidence of dual AVN pathways in the two groups. Therefore, our data suggest that intracardiac surgical procedures did not alter the frequency of dual AVN pathways.
Dual AVN pathways were a common electrophysiologic response in children in our study, particularly in those with PSVT. The mechanisms of PSVT in the presence of dual AVN pathways were due to reentry in the AVN. However, dual AVN pathway may also be present in asymptomatic children. Longitudinal follow-up is necessary to understand the importance of these dual AVN pathways in asymptomatic children.
